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Abstract 
Sugar beet appears to be a strategic food and bio-energy culture, whereas sugar, pulp and green compound leaves are 
important food and raw materials used in the manufacture of bioethanol. Cleaning is the most difficult issue in the 
production of sugar beet. Particular attention should be paid to the operation of cutting the top of the roots’ head. For 
example, a small amount of residual leaves on the head of sugar beet is a deteriorating quality indicator, which 
generally can reduce the quality by 10-15%. Therefore, separation of leaves from the head of sugar beet is a relevant 
scientific and technical problem.  
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1. Introduction 
The objective of the research was the analytical determination of the forces generated at the point of 
contact between working body during separation of the top of the head of the sugar beet roots in the soil. 
2. Object and methodology 
Issues of the theoretical and experimental research related to separation of leaves from the top of the 
sugar beet head (final purification mainly from residues letters) and the collection are included in the 
scientific works of Vasilenko (1984), Bulgakov (2005), Pogorely (2004) etc. We have developed a new 
design of a final purification head of sugar beet roots from residues vertices Vasilenko (1984), Bulgakov 
(2005), Pogorely (2004). 
To determine the forces that arise from the interaction of the working body with the head of sugar beet, 
there was built equivalent scheme of active interaction diagram (Fig. 1), on which the working body in 
rotational motion and also while gradually moving the total final purification is in contact with the head of 
sugar beet. 
At the point of contact to work with the authority to head roots will affect these forces:Q – force 
removal tops Bulgakov (2005), which is directed tangential to the root crops in the direction of the vector 
of absolute velocity M working bodies; N  – Normal reaction from the head of root crops, directed along 
upright n to the head root crops, passing through the point of contact location; Ft – the force of friction, 
that occurs when the movements of working body on the head root crops and heading in the direction 
opposite to the absolute velocity vector of M working body, coincides with point of contact K and is 
represented in the form of projections on the x and y axes; G  – power balance working body. 
Differential equations of motion of the contact point to the head of root crops in vector form will take 
the following form Bulgakov (2005), Filchakov (1974): 
 
GFNQam t    (1) 
 
where: a  – the absolute acceleration of the contact point K to the head of root  sugar beet;  
m – weight of the working body, brought to the point of contact K. 
Substituting in (1) the required quantities and other necessary transformation obtained by system of 
non-linear differential equations of second order, with regard to the unknown function x (t), y (t) and (t) 
and the unknown normal reaction N: 
The system of differential equations (2) can be solved only by numerical methods using computer 
programs for the known initial conditions. Due to the fact, that the system of differential equations (2) 
contains unknown power factors – the normal reaction of N, than to define there was carried out 
monitoring working body with the head of the root. Consequently, the dependence on the angle φ 
diversion working body and its angular acceleration φ of time: 
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Fig. 1. Equivalent scheme of interaction working member 
separated leaves from head of sugar beet roots 
 
 
Fig. 2. Dependence of the components of the normal reaction N 
from the time 
 
Provided that the head of the sugar beet has a completely solid body and the working body in contact 
with the un-separated eyeball, there have been composited differential equations of motion of the rotating 
working body around its own axis of the suspension at the time of its interaction with the head of sugar 
beet from Filchakov (1974): 
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Where: R =1 – the sum of the moments of inertia centrifugal forces acting on the body work as it 
moves along a spherical head of root crops. 
3. Results of the study 
From equation (3), after algebraic transformations from Targ  (1986) Bat (1973), in the end determine 
the normal reaction N on the roots of sugar beet, when is exposed to system it comprises from two 
working bodies: 
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where: δ – diverting the rotor axis from the imaginary central axis line;  
b – width of the working body; MR and MR2 – moments of inertia centrifugal forces preceding and 
subsequent working bodies around its hingeaxis; m21 – arm normal reaction following working authorities 
prior to its axis with respect to the suspension; φ2 – the angle of deflection of the next working body of the 
plane of rotation; α – angle of rotation of the rotor shaft,  
ρ – distance from the axis of the rotor head to the top of the root; d – distance from the rotor axis along the 
surface of the soil; r0 – radius hanging axis working body; lpp – the length of the working body 
contouring. 
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The movement of the head of root crops, working body can work on it in the longitudinal, transverse 
and vertical line. This is due to the presence of power factors, which represents the general axial projection 
in that direction. In particular, it is a compilation of normal reaction Nz and Ny induced by root crops in the 
longitudinal and transverse directions. Vertical assembly Nx normal reaction provides the necessary 
strength at the point of contact, “the head of the root. – working body”. The expression for this reaction is: 
 
2
2
0
x
2
2 2
0 0
0
2 2
02 2
1
sin sin 2
2 6
cos
( )
2
sin .
( ) sin arccos
2 ( )
l
sl r
N t
OK OK
b
tg d h r Vt
arcctg
bd h t r
d h
J Z M M M Z
M G
M
G Z G
ª º§ ·« »¨ ¸© ¹« »  u« »« »¬ ¼
º§ ·ª § ·§ · »¨ ¸¨ ¸«      ¨ ¸ »¨ ¸¨ ¸« © ¹© ¹ »¨ ¸u « ª º »§ ·¨ ¸« « »   ¨ ¸ »¨ ¸« ¨ ¸¨ ¸« »  »« © ¹¬ ¼¬ © ¹¼
  (5) 
2
2
0
0
2
2 2
0 0
2 2
02 2
1
2
2 6
( )
2
,
( )
2 ( )
Y
lγslω r sinφ sin φ φN cos φ
OK OK
b
tgφ δ d h r Vt
arcctg
bδ d h sin ωt arccos r
δ d h
ª º§ ·« »¨ ¸ ª© ¹« » «  « » «¬« »¬ ¼
º§ ·§ ·§ · »¨ ¸¨ ¸     ¨ ¸ »¨ ¸¨ ¸© ¹© ¹ »¨ ¸ ª º »§ ·¨ ¸« »   ¨ ¸ »¨ ¸¨ ¸¨ ¸« »  »© ¹¬ ¼© ¹¼
 (6)
 
2
2
0
0
2
2 2
0 0
2 2
02 2
1
2
2 6
( )
2
+
( )
2 ( )
Z
lγslω r sinφ sin φ φN sin φ
OK OK
b
tgφ δ d h r Vt
arcctg .
bδ d h sin ωt arccos r
δ d h
ª º§ · ª« »¨ ¸ «© ¹« »  «« » «« » ¬¬ ¼
º§ ·§ ·§ · »¨ ¸¨ ¸     ¨ ¸ »¨ ¸¨ ¸© ¹© ¹ »¨ ¸ª º »§ ·¨ ¸« »   ¨ ¸ »¨ ¸¨ ¸¨ ¸« »  »© ¹¬ ¼© ¹¼
 (7) 
According to the results of numerical simulation on the PC were built the plot (Fig. 2) of the foregoing 
forces of time. As we can see from the graph of the maximum values of these components normal reaction 
N, the following: Nxmax = 65.0 N, Nymax = 55.0 N, Nzmax = 15.0 N.  
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Each of the components of the normal reaction would have on sugar beet following steps. Thus, the 
vertical component of the normal reaction Nx will try to deform the head of beet root and make it into the 
soil; the horizontal component of this normal reaction Ny –  will contribute to the slope of the beet root 
crop in the direction of Haulm machines; the horizontal component of the normal reaction Nz – will 
attempt to dislodge soil from a root crop in the direction perpendicular to the rotor axis. The most 
important consideration for further study is the magnitude of the horizontal component Nz, as sugar beet in 
this direction has the lowest resistance. 
These values were further used for modeling forces of the working body of the cleaning head root crops 
Patent  №101760, Ukraine Patent  №103046, Ukraine. 
4. Conclusion 
1. Compiled mathematical model is a system of second order differential equations describing the 
motion of a working body contact point with the head of sugar beet. 
2. Analytical expressions for determination of the area of the head cut beet roots one working body and 
the forces that are transmitted from the working body to root of sugar beet have been obtained as the 
solutions from the system of differential equations. 
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